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one Brensted base to the paper pulp, d) adding hydrogen
peroxide to the paper pulp obtained at the end of step ¢), €)
maintaining the paper pulp obtained at the end of step d) in
a first bleaching tower, 1) optionally, adding sulphuric acid
to the paper pulp obtained at the end of step e) and
maintaining the obtained paper pulp 1n a second bleaching
tower, the method dispensing with the need for a step of
washing the paper pulp before the end of step €), and, 1T
applicable, before the end of step 1).
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1
METHOD FOR BLEACHING PAPER PULP

TECHNOLOGICAL FIELD

The present invention relates to a process for bleaching an
unbleached or pre-bleached paper pulp implementing chlo-
rine dioxide in alkaline medium, hydrogen peroxide and,
under certain conditions, sulfuric acid. Said bleaching takes
place 1n several reaction steps but dispenses with the need
for the mtermediate washing of the paper pulp between
steps.

BACKGROUND

Traditionally, bleaching paper pulp 1s carried out in sev-
cral steps called stages. Each stage 1s followed by washing
the paper pulp and most often a change 1n pH. During these
various steps, different chemical reagents such as delignifi-
cation agents (oxygen, chlorine dioxide or hydrogen perox-
ide) are generally used to generate oxidation, decoloration
and nearly complete dissolution of the lignin 1n the paper
pulp.

In a conventional bleaching process, hydrogen peroxide 1s
used in an alkaline medium. It 1s used alone or sometimes in
combination with gaseous oxygen. The hydrogen peroxide
acts by delignification (1.e. oxidation, then solubilization of
the depolymerized lignin) or by decoloration (oxidation of
lignin with a decrease in the conjugation of the lignin
molecule, which 1s not solubilized) 1n the paper pulp.

Chlorine dioxide (ClO,) 1s the most commonly used
reagent and the most effective of the bleaching reagents. It
1s used 1n several places in the bleaching sequence, during
stages called stages D, implemented 1 numerical order:
stages D, D, and D,. However, 1t has many disadvantages.
Chlorine dioxide generates chlorinated organic compounds
(AOX) that can pollute aquatic environments, and chlorate
ions (ClO,7) which are inert towards lignin.

Chlorate 10ns are formed from chlorite 1ons (C10,7), and
hypochloric acid (HCIO) 1s generated during the reaction
between the chlorine dioxide and the lignin. It 1s known that
chlorate 1ons act on the flora in aquatic environments and
accumulate 1n the sediment of lakes and waterways. The
formation of chlorate 1ons 1s therefore harmiul to the ecol-
ogy of aquatic environments that receive eflluent from paper
pulp muills.

In addition, chlorate 1on 1s an oxidant inert towards the
lignin under bleaching conditions. Its formation during
bleaching causes a loss of oxidizing power, resulting 1n a
lowering 1n delignification. Generally, the loss of delignifi-
cation power varies between 10% and 40% depending on the
process, thereby requiring the use of excess chlorine dioxide
in order to attain the intended final brightness.

Many studies have been conducted in order to understand
and limit the formation of chlorate during stage D. Among
them, the influence of pH and the influence of chlorine
dioxide concentration have been the subject of several
investigations. This article by Svenson et al can 1n particular
be cited (“Effect of pH on the inorganic species involved in
a chlorine dioxide reaction system”, Ind. Eng. Chem. Res,
vol. 41, p. 5927-5933, 2002), since 1t indicates that at the end
of stage D carried out at pH 8, chlorite ions are present 1n
greater numbers than chlorate 10ns. A reaction medium at pH
8 thus generates less chlorate than at acid pH.

In order to limit the consumption of chlorine dioxide,
several processes have been developed. In particular, Man-
ning et al. (“Addition of hvdrogen peroxide and molyvbdate
to chlorvine dioxide bleaching stages”, Journal of Pulp and
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Paper Science, Vol. 32, no 2, p. (see pages 58 to 62, 2006)
have described a chlorine dioxide sequence 1in acid medium
together with hydrogen peroxide 1in the presence of molyb-
date. The amount of chlorine dioxide can be reduced with
the addition of hydrogen peroxide. However, combiming
chlorine dioxide and hydrogen peroxide 1s accompanied by
a drop 1n the viscometric average degree of polymerization
of the cellulose, due primanly to the Fenton reaction.
Nevertheless, the introduction of a chelating stage at the
beginning of the sequence serves to reduce depolymeriza-
tion and increase brightness.

U.S. Pat. No. 5,268,075 discloses a two-stage process, the
first of which 1s carried out with chlorine dioxide 1n a
near-neutral medium at a pH between 6.5 and 7.5 and the
second step, an acidification step, 1s carried out via a second
addition of chlorine dioxide. This acidification step results 1n
a paper pulp with a final pH of between 3 and 4. This process
permits a 24% reduction in the overall consumption of
chlorine dioxide and a reduction of 45% of the formation of
chlorate 1ons for a target brightness identical to that obtained
by the conventional step D. However, the amount of organo-
chlorine compounds generated during this process has not
been reduced.

Document WO 91/12366 describes a process for bleach-
ing paper pulp according to the following steps:

treating unbleached paper pulp with oxygen and/or hydro-

gen peroxide,

treating said paper pulp with a bleaching agent (chlorine

and/or chlorine dioxide and/or hypochlorite).
In this process, the hydrogen peroxide stage (P) 1s treated
in advance of the chlorine dioxide stage (D). Thus, if there
1s no washing step between these two stages, active hydro-
gen peroxide can still remain even after the oxygen (O)
stage. The residual hydrogen peroxide can consume the
active chlorine which 1s then added (chlorine dioxide), and
can therefore reduce the eflectiveness thereof.
On the other hand, the possible use of hydrogen peroxide
after treatment with chlorine dioxide carried out i acid
medium requires an mtermediate washing step between the
addition of chlorine dioxide and hydrogen peroxide.
Document EP 0,222,674 describes a process for bleaching,
chemical paper pulp, according to the following steps:
treating paper pulp by means of chlorine and chlorine
dioxide (C/D), alkaline extraction by means of sodium
hydroxide and oxygen (E,/O),

treating by means of chlorine dioxide (D, ),

alkaline extraction by means of sodium hydroxide and
hydrogen peroxide (E./P),

treating by means of chlorine dioxide (D,).

Said method therefore comprises the following sequence:
C/D E,/O D, E,/P D,. In general, the symbol “I” indicates
the absence of washing between two steps. Under normal
conditions 1n terms ol quantity of reagents, this sequence
requires intermediate washes between the acid steps (D, O,
P) and the alkaline steps (E,, D,, D,) and requires 1t in order
to adjust the pH. The alkaline fibrous suspensions are always
washed before an acid bleaching stage.

In the process 1n document EP 0,222,674, hydrogen
peroxide 1s used during an alkaline extraction step. Hydro-
gen peroxide 1s used to prolong the oxidation of lignin. The
pulp 1s washed between the introduction of chlorine dioxide
and the addition of hydrogen peroxide, there 1s no reaction
between these two chemical agents.

There 1s therefore a need to develop a process with which
to more greatly reduce the chlorine dioxide consumption, to
reduce the water consumption, and to limit the formation of
chlorate 1ons and organochlorine compounds while main-
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taining good bleaching output and good paper properties
(optical, physical and mechanical) of the final paper pulp.
The present invention 1s intended to resolve these issues.

SUMMARY OF THE INVENTION

The applicant has developed a process for bleaching paper
pulp implementing chlorine dioxide i1n alkaline medium,
hydrogen peroxide and, under certain conditions, a Brensted
acid. This process dispenses with the need for the interme-
diate washing between steps.

This stage (bleaching steps) combining the sequential use
of several reagents is called (D_,#) or (D .~ A). D_,. indi-
cates treatment with chlorine dioxide (D) in an alkaline
medium (alk). On the other hand, index “”’ refers to the use
of hydrogen peroxide, whereas “A” refers to an optional
acidification step (Brensted acid). The use of an all-inclusive
parenthesis 1s designed to group the consecutive steps 1n this
bleaching process mnto a single stage, the steps not being
interspersed with the paper pulp washing phases. A precise
description of this process and 1ts diflerent steps can be
found 1n the “Disclosure of the invention” section.

Compared to conventional processes for bleaching paper
pulp, the process according to the invention notably has the
following advantages:

reduction of the amount of chlorine dioxide used for a

target brightness,

control and reduction of the formation of chlorate 10ns,

reduction ol consumption of water,

reduction of reaction time,

reduction of reaction temperature,

reduction of the chemical oxygen demand (COD) of
eflluent,
reduction of the quantity of adsorbable halogenated

organic compounds (AOX) present 1n the effluent.

DISCLOSURE OF THE INVENTION

The present invention relates to the bleaching of
unbleached or pre-bleached paper pulp. This process
replaces the conventional sequences DnD, DEP, DEop, DP
or WD, corresponding to two treatments with chlorine
dioxide (stage D), spaced by a washing or neutralization step
(DnD), or else a treatment with chlorine dioxide (stage D)
followed by an alkaline extraction stage (stage E) with or
without strengthening with hydrogen peroxide (stage Ep)
with or without strengthening with oxygen (stage Eop or
Eo), or else a treatment of the chlorine dioxide (stage D)
tollowed by treatment with hydrogen peroxide in an alkaline
medium (stage P), including the washes between each
consecutive stage.

The process according to the mvention includes the stage
(D7) corresponding to step D _,. (chlorine dioxide in
alkaline medium) followed by step P (hydrogen peroxide 1n
an alkaline medium), without washing between the two
steps.

More specifically, the present invention relates to a pro-
cess for bleaching unbleached or pre-bleached paper pulp
comprising at least the following successive steps:

a) preparing an unbleached or pre-bleached paper pulp

with a pH greater than or equal to 8,

b) placing the paper pulp obtained at the end of step a) 1n

contact with chlorine dioxide,

¢) when the pH of the paper pulp at the end of step b) 1s

less than 10, adding at least one Brensted base to the
paper pulp obtained at the end of the step b),
d) adding hydrogen peroxide to the paper pulp,
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4

¢) keeping the paper pulp obtained at the end of step d) 1n
a first bleaching tower,

) optionally, at the end of step e), acidifying the paper
pulp, advantageously by putting in contact with at least
one mineral acid, and keeping it 1n a second bleaching
tower.

This process has no step of washing the paper pulp before
the end of the step ¢), and, where applicable, before the end
of the step 1).

Step ¢) 1s carried out on paper pulp at the end of step b)
or, where appropriate, on a paper pulp obtained at the end of
the step c).

During stage D_,.~ in an alkaline medium, the chlorine
dioxide (ClO,) 1s generally fully consumed and leads to an
increase 1n the formation of chlorite 10ons (C1O,7) and to the
reduction of chlorate 10ons (C1O,7). Consequently, the hydro-
gen peroxide (H,O,) added during step d) does not react
with the chlorite (this 1s not the case with the chlorine
dioxide) and therefore does not react with the active chlo-
rine.

In general, the reactions put into play during introduction
of hydrogen peroxide 1n a chlorine dioxide stage, carried out
in an alkaline medum (D _,,#), are not comparable with those
resulting from the addition of hydrogen peroxide during an
alkaline extraction (Ep, Eop).

Paper Pulp:

Paper pulp, also called “pulp”, 1s a suspension of ligno-
cellulosic fibers 1n water.

Any kind of paper pulp can be processed according to the
invention. It can be obtained mechanically, chemically or
from recycled paper and cardboard. However, 1t 1s prefer-
ably a pulp obtained chemically from virgin fibers (kraft
process, with sulfite, sulfite, bisulfite, sodium hydroxide,
etc.).

Paper pulp can come from softwood, hardwood, eucalyp-
tus wood or annual plants. It can also come from paper for
recycling such as newsprint or magazines. The paper pulp
treated according to the invention can be obtaimned by
resuspending in water dried pulp, recovered paper, or
obtained directly from a paper mill, according to traditional
paper manufacturing processes that are part of the knowl-
edge of the person skilled 1n the art.

Preferably, the paper pulp 1s kraft paper pulp.

The unbleached or pre-bleached paper pulp 1s a lignocel-
lulosic fiber suspension that advantageously comprises from
20 to 400 grams of lignocellulosic fibers per liter of sus-
pension, more favorably from 30 to 300 grams of fiber per
liter of water, and still most favorably from 30 to 150 grams
of fiber per liter of water.

The consistency of the unbleached or pre-bleached paper
pulp suspension 1s advantageously between 2% and 40%,
preferably between 3% and 30%, and more preferably
approximately 10%. Consistency 1s expressed 1n percentage
by weight of dry paper pulp in aqueous suspension, 1.¢. the
number of grams of dry cellulosic fibers that 100 g of the
cellulosic fiber suspension contains in the aqueous phase.

In accordance with the invention, bleaching 1s carried out
on unbleached or pre-bleached paper pulp. Paper pulp can be
pre-bleached using any pre-bleaching process known by the
person skilled in the art. The pulp can be delignified 1 an
oxygen stage or pre-bleached by a TCF type sequence:
O0QP, Oz, OZEop, OZEp, Oze, etc. or ECF type: ODEop,
ODEP, ODE, ODEpDEp, or other types of pre-bleaching
sequence, for example those involving chelating, acidic or
reducing stages. Notations for the bleaching stages used
above are standard. To better understand the state of the art,
the nomenclature and the sequence of the different bleaching,
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stages 1n conventional sequences, 1t 1s suggested that the
reader consult the literature, for example, the two comple-
mentary works, published by TAPPI Press, GA, USA:
“Dence, C. W, Reeve, D., Pulp Bleaching, Principles and
Practices, 4" edition, 1996.”, and: “Hart P. W, Rudie A. W,
the Bleaching of Pulp, 57 edition, 2012”.

In addition, the unbleached or pre-bleached pulp advan-
tageously shows a high Kappa number of between 40 and
0.5, more advantageously between 5 and 0.5. It 1s recalled
that the Kappa number 1s a measure of the oxidizability with
potassium permanganate. This index makes 1t possible to
evaluate the rate of the pulp’s oxidizable functions, includ-
ing the residual lignin, as well as the bleaching oxidizing
reagent demand. The lower the Kappa number, the less
clevated the lignin level and the smaller the bleaching
reagent demand.

Step a):

In step a) the unbleached or pre-bleached paper pulp has
a pH greater than or equal to 8. However, when the paper
pulp has a pH less than 8, at least one Bronsted base 1s added
so as to obtain a paper pulp with a pH greater than or equal
to 8.

Advantageously, at least one cellulose protective agent
can be added to the unbleached or pre-bleached paper pulp
during of step a).

A chelating and/or sequestering agent can further be
added during step a).

The protective agent 1s used to protect the cellulose 1n the
lignocellulosic fibers against possible depolymerization,
which could subsequently be caused by chlorine dioxide in
an alkaline medium or the presence of hydrogen peroxide.
According to a particular embodiment wherein retaining the
viscosity of the cellulose (or the viscometric average degree
of polymerization the cellulose) 1s not sought, the protective
agent may be omitted. In fact, absence of a protective agent
1s not detrimental to the effectiveness of the process 1n terms
of deligmification.

Advantageously, the Bronsted base, and, where appli-
cable, the cellulose protective agent are added in piping
carrving the unbleached or pre-bleached paper pulp to a
mixer, for example using a piston pump or directly into the
mixer.

The amount of protective cellulose agent in an alkaline
medium 1s advantageously between 0.1 and 1% by weight
relative to the weight of dry paper pulp, more advanta-
geously 0.4 to 0.5%, by weight relative to weight of the dry
paper pulp.

Preferably, the cellulose protective agent 1s chosen from
magnesium sulfate or other cellulose protective agents
known by the person skilled in the art, alone or 1n mixture.
Sodium silicate, diethylene-triamine-pentaacetic acid
(DTPA), ethylene-diamine-tetraacetic acid (EDTA) or other
agents can also be added, alone or 1n a mixture, to prevent
hydrogen peroxide decomposition during step d). Just the
same, these agents can also be introduced during step c).
These agents are preferably added when the paper pulp
includes metal cations.

The quantity of Brensted base 1s adjusted so that the
unbleached or pre-bleached pulp has a basic pH, advanta-
geously greater than or equal to 8, more advantageously
between 8 and 13, even more favorably between 8.5 and 12,
and most favorably still between 8.5 and 9.5.

Preferably, the Bransted base(s) are chosen from among
alkaline metal hydroxides; alkaline earth metal hydroxides;

alkaline metal oxides; alkaline earth metal oxides; alone or
in combination. It can interact with NaOH, MgO, Mg(OH),,
Ca(OH),, KOH, or other bases known by the person skilled
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6

in the art. It can also interact with mixtures contaiming such
bases as certain process liquors such as kraft white liquor
alter being treated to remove the reducing species from it.
More preferably, the Breonsted base 1s sodium hydroxide.

Addition of the cellulose protective agent and of the
Bronsted base can be consecutive or simultaneous. How-
ever, the cellulose protective agent in alkaline medium 1s
advantageously introduced before the Bronsted base.

At the end of step a) the pH of the paper pulp 1is
advantageously greater than or equal to 8, more advanta-
geously between 8 and 13, even more advantageously
between 8.5 and 12, and most advantageously between 8.5
and 9.5.

Step b):

In step b), the pulp obtained at the end of step a)
containing at least one Bronsted base, and advantageously at
least one cellulose protective agent, 1s placed in contact with
chlorine dioxide.

The chlorine dioxide 1s advantageously i aqueous solu-
tion form.

The chlorine dioxide solution can have a neutral or an acid
pH, 1n accordance with the solutions traditionally used in the
conventional D stages. It 1s not alkalimized before being
added to the paper pulp such that the chlorine dioxide won’t
decompose before 1t comes 1nto contact with the paper pulp.

According to a preferred embodiment, the pulp coming
from step a) 1s put 1n contact with chlorine dioxide 1n a mixer
or upstream ol a mixer.

The amount of chlorine dioxide introduced 1s expressed as
the amount of active chlorine, according to the following
formula:

The amount of active chlorine (kg)=2.63xamount of
chlorine dioxide (kg)

The amount of active chlorine introduced 1s determined
depending on the paper pulp to be bleached and the pre-
bleaching 1t may have already undergone. The Kappa num-
ber of the paper pulp 1s used to calculate this amount of
active chlorine.

The amount of active chlorine introduced 1s between
0.1% and 10% by weight relative to the weight of the dry
paper pulp. The spread of this range of values 1s due to the
very wide range of Kappa number of the paper pulp to which
the process can be applied. However, preferably the paper
pulp has a fairly low Kappa number, advantageously less
than 10, more preferably lower than 5. For such paper pulps,
the amount of active chlorine does not generally exceed
approximately 2.5% by weight relative to the weight of the
dry paper pulp.

The contact time between the paper pulp at the end of step
a) and chlorine dioxide 1s at least a few seconds, advanta-
geously at least 10 seconds.

Contact time 1s brief compared to the conventional acid-
medium processes. It 1s advantageously less than 5 minutes.
However, 1t can be extended without harming the pulp 1f the
technical conditions of the process do not allow 1t to take a
short reaction time.

Contact time 1s advantageously between a few seconds
and 5 minutes. If the mixer 1s suthciently effective, a shorter
time can be used.

Advantageously, step b) 1s carried out at a temperature
greater than 20° C., more advantageously between 25° C.
and 90° C., even more favorably between 40° C. and 80° C.,
and most favorably between 40° C. and 70° C.

Step b) 1s advantageously carried out in a mixer. Chlorine
dioxide can also be added directly on the paper pulp, using
a pump or another process, provided the paper pulp 1is
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flowing so as to assure a good level of mixing with the
chlorine dioxide being added.

In general steps a) and b) can be carried out at the
temperature st which the paper pulp 1s immediately after the
possible paper pulp washing step, on coming from the
cooking or the pre-bleaching that precedes step a).

Step ¢):

During step c), at least one Bransted base 1s added to the
pulp coming from step b) when the pH of the paper pulp
from step b) 1s less than 10.

The quantity of Bransted base 1s adjusted as needed so the
paper pulp pH 1s advantageously greater than or equal to 9,
more advantageously between 9 and 12, and even more
advantageously between 10 and 11.

Preferably, the Bronsted base(s) are chosen from among
alkaline metal hydroxides; alkaline earth metal hydroxides;
alkaline metal oxides; alkaline earth metal oxides; alone or
in combination. It can interact with NaOH, Mg(OH),, MgO,
Ca(OH),, KOH or other bases known by the person skilled
in the art, that 1s, the bases traditionally used in bleaching
plants that are commercially available, for instance such as
alkaline liquors used 1n cooking kraft, or the O stages after
climinating the reductive species. More preferably, the
Bransted base 1s sodium hydroxide.

Advantageously, the Bransted base(s) added to step c¢)
1s/are the same as the one(s) added during step a).

Step ¢) 1s advantageously carried out in a pipe, for
example a pipe connecting a mixer and a bleaching tower,
for example, assisted by a piston pump.

In general, step ¢) may be carried out at the temperature
at which the paper pulp 1s immediately after step b).

Step ¢) 1s advantageously carried out at a temperature
greater than 20° C., more advantageously between 25° C.
and 90° C., even more favorably between 40° C. and 80° C.,
and most favorably between 40° C. and 70° C.

Once the pH 1s adjusted, hydrogen peroxide 1s added,
which corresponds to step d).

Step d):

During step d), hydrogen peroxide 1s added to the pulp
coming from step c¢). This addition can be done 1n a pipe
carrying the pulp to a bleaching tower, for example using a
piston pump. This does not include an alkaline extraction
stage.

The amount of hydrogen peroxide i1s advantageously
between 0.1% and 5% by weight relative to the weight of dry
paper pulp, more favorably between 0.2% and 1% by
weight, and most favorably, between 0.3% and 0.5% by
weight.

Step d) may generally be carried out at the same tem-
perature as the paper pulp immediately aiter step c).

Step d) 1s advantageously carried out at a temperature
greater than 20° C., more advantageously between 25° C.
and 90° C., even more favorably between 40° C. and 80° C.,
and most favorably between 40° C. and 70° C.

Step e):

During step ¢), the pulp coming from step d) 1s added and
held 1 a first bleaching tower.

Said bleaching tower can be of any type well known by
the person skilled in the art. The paper pulp can be stored
there for a given duration. The paper pulp 1s not generally
agitated 1n the bleaching tower. Nonetheless the pulp can
also be stored 1n a reactor under agitation or in another
storage means known by the person skilled 1n the art.

The temperature of the paper pulp inside the first bleach-
ing tower 1s advantageously between 40° C. and 95° C.,
more advantageously between 65° C. and 80° C., and even
more advantageously between 70° C. and 75° C.
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Preferably, the time the pulp spends 1n bleaching tower 1s
between 30 minutes and 180 minutes, more preferentially
between 60 minutes and 120 minutes, for example about 90
minutes.

At the end of Step e), the pulp has been bleached.

The entire sequence described above with steps a) to €) 1n
succession is the process called (D_,.©). At the end of this
process, the pulp 1s washed to remove the remainder of the
reagents and solulizable products in the paper pulp. If
bleaching or delignification are considered incomplete, then
the pulp can undergo any additional stage of washing,
additional delignification or bleaching stages, all known by
the person skilled 1n the art.

However, according to a particular embodiment, the paper
pulp at the end of step €) 1s not washed but goes directly into
a treatment 1n acidic environment to eliminate any and all
residual lignin. It can then involve a step 1) of acid treatment
and movement into a bleaching tower, without washing after
step ¢).

Step 1):

Step 1) 1s optional. It includes an acid treatment and
moving the pulp into a second bleaching tower. In this case,
the paper pulp 1s not washed atter step e).

The acid treatment 1s to add a Brensted acid to the pulp
suspension, to continue to eliminate all or part of the residual
lignin that may still be present 1n the pulp after step e). This
climination could be accompanied by an increased bright-
ness of the paper pulp.

The acid used can be chosen from the group of mineral
acids, notably sulfuric acid, the acid most commonly used 1n
paper pulp malls.

Generally, a mineral acid 1s an acid derived from at least
one 1norganic compound. This acid family includes halohy-
dric acids (HF, HCI, HBr, HI), sulfuric acid, nitric acid or
boric acid, or more advantageously sulfuric acid.

Addition of said mineral acid can also be carried out 1n a
pipe, a pipe connecting two bleaching towers, for example.

The pH of the paper pulp thus acidified 1s advantageously
between 2 and 35, more advantageously between 3 and 4.

During step 1), the pulp coming from step e) 1s added and
held m a second bleaching tower.

Step 1) (acid+bleaching tower) 1s advantageously carried
out at a temperature between 50 and 90° C., more advan-
tageously at the temperature of the previous bleaching stage,
and most favorably between 70 and 80° C.

Advantageously, the pulp spends between 10 minutes and
180 minutes 1n the second bleaching tower, more advanta-
geously between 10 minutes and 120 minutes, and most
advantageously between 30 and 90 minutes. Reaction time
can be reduced if the pH 1s lower and/or 11 the temperature
1s higher. However, these more rapid chlorite 10n reactions,
particularly at low pH, could enhance the formation of
chlorates.

At the end of step 1), the bleached pulp can be washed.

According to this particular embodiment, (steps a) to 0),
the sequence corresponding to the process according to the
invention is noted (D_,."A).

As already noted, this stage is named (D_,.*) if step 1) is
not carried out (steps a) to €)).

The present mvention also relates to the bleached paper
pulp obtained by the process described above.

The pulp coming from step e) (D _,.°) or, where appro-
priate, step 1) (D _,“A), is a pre-bleached or bleached paper
pulp that has not been diluted during steps a) to e) or if
applicable, a) to 1). The only possible contribution of liquid
such as water, may result from the form of the additives such
as chlorine dioxide, advantageously in aqueous solution, or
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hydrogen peroxide, which 1s generally added in concen-
trated aqueous solution form. The process according to the

invention (D _,.* or D_,.©’A) can therefore almost be done at
a constant concentration of lignocellulosic fibers throughout
steps a) to e) or a) to 1).

The bleached pulp resulting from step e) (D) or, where
appropriate, from step f) (D_,~A) advantageously contain-
ing from 20 to 400 grams of lignocellulosic fibers per liter
ol suspension, more advantageously from 50 to 300 grams
of fiber per liter of water, and most advantageously from 50
to 150 grams of fiber per liter of water.

The pulp resulting from step €) or if necessary, step 1) has
a Kappa number advantageously between 20 and 0.5, more
advantageously between 5 and 1.

In general, the bleached paper pulp according to the
invention (D, .~ or D_,~A) has optical properties (bright-
ness) similar to those of a bleached pulp according to the
conventional DnD, DE, DEp, DFEo, DEop, DP type
sequence, and does so even 1f 1t may have a higher Kappa
number.

It also has mechanical properties (e.g. traction index, tear
index, bursting index, hand, etc.) equivalent to those of a
bleached pulp according to the conventional sequence DnD,
DE, DEp, DEo, DEop, DP type.

The process according to the invention 1s intended to
reduce the quantity of pollutants (-20.6% of COD, -71.1%
of AOX) generated 1n comparison to a conventional DnD,
DE, DEp, DEo, DEop, DP type process, without neglecting
or mitigating the mechanical and optical properties of the
bleached paper pulp.

Carrying out step b) (ClO,) 1n an alkaline medium can
reduce the amount of organochlorine compounds generated
in the eflluent. This effect has three origins: (1) reduction 1n
the amount of chlorine dioxide to be added, thus reducing
the amount of active chlorine applied, (2) slight lowering in
the degree of delignification of the pulp, (3) reaction mecha-
nism 1n an alkaline medium that does not involve the
intermediate chlormated species HCIO (hypochlorous acid)
and Cl, (dichloride or molecular chlorine), these two species
being at the origin of the formation of organochlorine
compounds by reacting with lignin. In addition, for the same
reason as raised above, this new stage generates fewer
chlorate 1ons. And due to a slight reduction 1n delignification
of the paper pulp, the generation of COD (chemical oxygen
demand) 1n the bleaching eflluents 1s also reduced compared
to a conventional stage.

The mnvention and the advantages thereof will become
more apparent from the figures and from the following
non-limiting examples given by way of illustrating the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates steps a) to e) of a specific embodiment
of the treatment according to the invention (D).

FIG. 2 1illustrates steps a) to 1) of a specific embodiment
of the treatment according to the invention (D, .~ A).

FIG. 3 illustrates the mechanical properties (hand) of
paper pulp obtained according to the invention (D _,.“ A) and
according to prior art (D,;nD,) as a function of the number
of towers used 1n a PFI refiner.

FIG. 4 illustrates the mechanical properties (traction
index) of the paper pulp obtained according to the mnvention
(D_,.~A) and according to prior art (D,nD,) as a function of
the number of towers used i a PFI refiner.

FIG. 5 illustrates the mechanical properties (bursting
index) of the paper pulp obtained according to the mnvention
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(D .. A) and according to prior art (D,nD,) as a function of
the number of towers used in a PFI refiner.

FIG. 6 illustrates the mechanical properties (tear index) of
pulp obtained according to the invention (D _,“A) and
according to prior art (D,nD,) as a function of the number
towers used 1n a PFI refiner.

EXAMPLE

EMBODIMENTS OF TH.
INVENTION

T

Example 1: Process for Bleaching a Pre-Bleached
Pulp According to the Invention (D) and a Con-
ventional Control Sequence D,nD, (Counter-Ex-
ample 1) Therefore

Process for Bleaching a Pre-Bleached Pulp According to the
Invention (D_,.°).

The device shown 1n FIG. 1 has been used to implement
this example.

From pre-bleached softwood kraft paper pulp (100 grams
of dry lignocellulose fibers per liter of fibrous suspension)
using a sequence of molecular oxygen, hydrogen peroxide,
sodium hydroxide and a chelating agent (wherein the Kappa
number 1s 4.3; brightness 1s 82% ISO, and the viscometric
average degree polymerization 1028) 1s treated 1n laboratory
with 0.4% magnesium sulfate by weight relative to the dry
paper pulp, then with 0.55% sodium hydroxide by weight
relative to the dry paper pulp (step a, the pH of this step 1s
9.5).

The pulp thus obtained 1s placed into a plastic polyeth-
ylene bag to which 2% chlorine dioxide by weight of active
chlorine 1n relation to the dry paper pulp 1s added. The
polyethylene bag containing the mixture obtained 1s
immersed 1 a water bath thermostatically controlled at 45°
C.

After 5 minutes of reaction, the plastic bag 1s removed
from the thermostatically-controlled water bath, then 0.2%
sodium hydroxide by weight relative to the dry paper pulp
1s added to the pulp (step ¢, the pH 1n this step 15 10.4).

Then, 0.3% hydrogen peroxide by weight relative to the
dry paper pulp 1s introduced (step d).

Then the pulp contained in the polyethylene bag 1s again
plunged 1nto the thermostatically-controlled water bath for
90 minutes at 75° C. (Step e).

The pulp 1s then washed on a no. 2 porosity filter funnel
with 10 L of water.

During step b), the concentrations of chlorate 10ons, chlo-

rite 10ns and hypochlorite 10ons are measured in the bleaching
cilluents (Table 1).

The Process for Bleaching a Pre-Bleached Pulp,
Conventional Control Sequence D,nD,
(Counter-Example 1)

A D,nD, (chlorine dioxide/neutralization/chlorine diox-
ide) type process 1s conventionally done 1n a pre-bleached
paper pulp mill with the same sequence as 1n the previous
paragraph (using molecular oxygen, hydrogen peroxide,
sodium hydroxide and a chelating agent) on krait paper pulp
from softwood (100 grams of lignocellulosic fibers per liter
of fibrous suspension).

The paper pulp 1s put in contact with 0.06% sodium
hydroxide by weight relative to the dry paper pulp of, then
with 2.6% active chlorine by weight relative to the dry paper
pulp, for 115 minutes at 73° C., and at a 10% consistency

(D,) (the pH 1n this step 1s 7).
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The paper pulp 1s then washed on a no. 2 porosity filter
tunnel and with 10 L of water then put 1n contact with 0.06%
sodium hydroxide by weight relative to the dry paper pulp
and 0.65% active chlorine by weight relative to the dry paper
pulp for 115 minutes at 80° C. and 10% consistency (D)
(the pH 1n this step 1s 7.3).

The pulp 1s then washed on a no. 2 porosity filter funnel
with 10 L of water.

During steps D, and D,, t.

he concentrations of chlorate

ions, chlorite 1ons and hypoch

orite 10ns are measured in the

bleaching effluents (Table 1).

Bleached Pulp Properties According to Invention
(D,.") or the Conventional Control Sequence
D nD, (Counter-Example 1)

The washed pulp properties were analyzed according to
the four following standards (Table 2):

brightness according to ISO Standard 2470-1, 2009

Kappa number of pulp according to ISO Standard 302,

2015
viscometric average degree of polymerization of the cel-
lulose according to the standard TAPPI T230-OM-13
chemical oxygen demand (COD) according to a method
analogous to the ISO standard 15703, 2002.

The chlorite and chlorate 10ns are assayed after step D _,,
of stage (D _,”); in fact, assaying of these species by
iodometry after the stage D .~ would be distorted by the
presence of residual hydrogen peroxide, also reacting with
iodide 10ns. It would not be possible, then, to obtain the
quantities of chlorite, chlorates and hypochlorites 1ons sepa-
rately.

TABLE 1

Bleaching effluents

Concentration
Concentration  Concentration of COD
of of chlorite hypochlorite  (kg/t of
chlorate 1ons 1018 1018 dry
Treatment (Mol/L) (Mol/L) (Mol/L) pulp)
D" 2.15 x 107 5.63 x 107 0 3.92
(invention)
D nD, 4.42 x 1073 3.87 x 1074 0 5.90
(counter-
example 1)
TABLE 2
Properties of the bleached pulp
Brightness, Kappa
Treatment % ISO number DPv
D_.* 89.4 3.4 828
(invention)
D nD, 89.0 0.8 850

(counter-example 1)

DPv: Viscometric average degree of polymerization of the cellulose

In relation to the D,nD., process, the process (D .°)
according to the invention consumes 38% less chlorine
dioxide. Furthermore, the water consumption 1s greatly
reduced (10 L for washing the pulp between D, and D,). In
addition, reaction time (when in contact with ClO,) 1s
decreased by 135 minutes (90+5 minutes vs 2x115 minutes)
while maintaining the final pulp brightness and without any
significant increase 1n the depolymerization of the cellulose.
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The bleaching process according the invention 1s per-
formed continuously with no intermediate washing step
needed. Thus the bleaching process according to the inven-
tion consumes less chlorine dioxide, reduces reaction time
and eliminates a washing step and does so without engen-
dering loss 1n brightness and without increasing depolymer-
ization of the cellulose. In addition, the bleaching process
according to the imvention makes 1t possible to reduce the

pollutant load of the ef

luents (COD) (Table 3) (-33%).

Example 2: Process for Bleaching a Pre-Bleached
Pulp According to the Invention (D_,“A) and
According to the Conventional Control Sequence
D nD, (Counter-Example 2)

Process for treating a pre-bleached pulp according to the
invention (D~ A).

The device shown 1n FIG. 2 has been used to implement
this example.

From pre-bleached kraft paper pulp from softwood (100
grams ol lignocellulosic fibers per liter of fibrous suspen-
s101) using a sequence using molecular oxygen, hydrogen
peroxide, sodium hydroxide and a chelating agent. Said pulp
has a Kappa number of 3.2 as well as a brightness of 78.6%
ISO and a viscometric average degree polymerization of
812. It 1s treated with 0.4% magnesium sulfate by weight
relative to the dry paper pulp, then with 0.63% sodium
hydroxide by weight relative to the dry paper pulp (step a,
the pH 1s 1n this step 1s 9.3).

The pulp thus obtained 1s placed into a polyethylene bag
to which 2.2% of chlorine dioxide by weight of active
chlorine relative to the dry paper pulp 1s added. The poly-
cthylene bag containing the mixture obtained 1s plunged nto
a water bath thermostatically controlled at 75° C. (step b).

After 5 minutes of reaction, the plastic bag 1s removed
from the thermostatically-controlled water bath, then 0.2%
sodium hydroxide by weight relative to the dry paper pulp
1s added to the pulp (step ¢, pH of this step 1s 10.2).

Then, 0.3% hydrogen peroxide by weight relative to the
dry paper pulp 1s introduced (step d, pH of this step 1s 10.2).

Then the pulp contained in the polyethylene bag 1s again
plunged 1nto the thermostatically-controlled water bath for
90 minutes at 75° C. (Step e).

After 90 minutes of reaction, the plastic bag 1s removed
from the thermostatically-controlled water bath, then 0.15%
sulfuric acid by weight relative to the dry paper pulp 1s
added to the pulp (step 1, the pH 1n this step 1s 3.8).

Then the pulp contained in the polyethylene bag 1s
plunged into the thermostatically-controlled water bath
again for 60 minutes at 75° C.

The acid step 1s necessary for this. Compared to Example
no 1, the amount of lignin in the pulp 1s higher.

The pulp 1s then washed on a no. 2 porosity filter funnel
with 10 L of water.

A Process for Bleaching a Pre-Bleached Pulp
According to the Control Sequence D,nD,
(Counter-Example 2)

This counter-example was carried out under the same
conditions as counter-example 1 but from the same pulp as
that for Example 2.

The Bleached Pulp Properties According to Inven-
tion (D~ A) or the Counter-Example (DnD)

The washed bleached pulp properties were analyzed
according to the following 3 standards (Table 3):
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brightness according to ISO Standard 24°70-1, 2009
Kappa number of pulp according to ISO Standard 302,
2015

viscometric average degree of polymerization of the cel-

lulose according to TAPPI norm T230-om-13.

Two sets of sheets have been produced according to ISO
Standard 5269-1, 2005, with the paper pulp obtained accord-
ing to the invention and according to the counter-example.
Measurement of the mechanical properties were taken
according to the following standards (Table 4):

measurement of the hand according to ISO Standard 536,

2012 and ISO Standard 534, 2011

burst strength according to ISO Standard 2758, 2014

tear strength according to ISO Standard 1974, 2012

tensile strength according to ISO Standard 1924-2, 2008

The paper pulp obtained according to the mvention and
according to the counter-example have also been refined
with a PFI laboratory refiner (refiner with a rotating cylin-
drical bowl) according to Standard NF EN ISO 5264-2,
2011. Durning this refiming, the draining index of the paper

pulp was measured according to ISO Standard 5267-1, 1999
and the mechanical properties were measured according to
the standards previously cited (FIGS. 3, 4, 5 and 6).

The bleaching eflluent was also analyzed according to the
tollowing 2 standards (Table 5):

chemical oxygen demand (COD) according to a method
analogous to ISO standard 15705, 2002.

adsorbable halogenated organic compounds (AOX)
according to standard 9362, 2004
TABLE 3
Properties of the bleached pulp
Brightness, Kappa
Treatment % ISO number DPv
D_.FA 87.4 2.9 775
(invention)
DnD- 87.3 1.0 789
(counter-example 2)
TABLE 4
Mechanical properties of the bleached pulp
Brightness  Traction
Hand Tear Index index index
Treatment (cm?g) (mN-m?/g) (kPa-m%g) (N-m/g)
DangA 1.77 14.4 1.40 19.1
(invention)
D nD, 1.77 14.5 1.27 18.5
(counter-example 2)
TABLE 5
Quality of effluents following various treatments
COD AOX,
Treatment (kg/t of dry pulp) (kg/t of dry pulp)
D_.* 3.44 0.033
(invention)
D_,CA 4.67 0.075
(invention)
DnD- 5.88 0.26

(counter-example 2)
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In relation to the D,nD., the D_,.~ A process according to
the invention consumes 32% less chlorine dioxide. Further-
more, the water consumption 1s greatly reduced (10 L for
washing the pulp between D, and D). In addition, reaction
time 1s decreased by 75 minutes (5+90+60 minutes instead
of 2x115 minutes) while maintaining the final brightness,
the mechanical properties of the pulp and without increasing
the cellulose depolymerization (DPV).

The treatment process according the invention 1s per-
formed continuous, with no intermediate washing step
needed. Thus the bleaching process according to the inven-
tion can thus consume less chlorine dioxide, reduce the
reaction time and eliminate a washing step and does so
without leading to a loss of brightness, loss of mechanical
properties (before and after refining), and without increasing
depolymerization of the cellulose. In addition, the bleaching
process according to the invention makes 1t possible to

reduce the amount of chlorinated organic compounds
(AOX) formed (-71.1%) and to reduce the pollutant load of

the eflluents (COD) (-20.6%).

The mvention claimed 1s:

1. A process for bleaching unbleached or pre-bleached
paper pulp consisting of the following successive steps:

a) preparing an unbleached or pre-bleached paper pulp

with a pH greater than or equal to 8,

b) placing the paper pulp obtained at the end of step a) 1n

contact with chlorine dioxide,

¢) when the pH of the paper pulp at the end of step b) 1s

less than 10, add at least one Bransted base to the paper
pulp,

d) adding hydrogen peroxide to the paper pulp,

¢) keeping the paper pulp obtained at the end of step d) 1n

a first bleaching tower,
where the process has no step of washing the paper pulp
betore the end of step e).

2. The process according to claim 1, wherein during step
a), a Bransted base 1s added to the paper pulp, this Brensted
base being chosen from the group comprising: alkaline
metal hydroxides, alkaline earth metal hydroxides, alkaline;
oxides metal oxides, alkaline earth metal oxides; and their
mixtures.

3. The process according to claam 1, wherein the paper
pulp at the end of step a) has a pH between 8 and 13.

4. The process according to claim 1, wherein a quantity of
active chlorine between 0.1% and 10%, by weight relative to
the weight of dry paper pulp, 1s introduced during step b).

5. The process according to claim 1, wherein step b) has
a contact time between the paper pulp from step a) and
chlorine dioxide of at least 10 seconds.

6. The process according to claim 1, wherein step b) 1s
carried out at a temperature greater than 20° C.

7. The process according to claim 1, wherein step b) 1s
carried out at a temperature of between 25° C. and 90° C.

8. The process according to claim 1, wherein a quantity of
hydrogen peroxide between 0.1% and 5%, by weight rela-
tive to the weight of dry paper pulp, 1s introduced during step
d).

9. The process according to claim 1, wherein during step
¢), the paper pulp 1s held in the first bleaching tower for a
duration of between 30 minutes and 180 minutes at a
temperature between 40° C. and 95° C.

10. A process for bleaching unbleached or pre-bleached
paper pulp consisting of the following successive steps:

a) preparing an unbleached or pre-bleached paper pulp

with a pH greater than or equal to 8,

b) placing the paper pulp obtained at the end of step a) 1n

contact with chlorine dioxide,
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¢) when the pH of the paper pulp at the end of step b) 1s
less than 10, add at least one Bransted base to the paper
pulp,

d) adding hydrogen peroxide to the paper pulp,

¢) keeping the paper pulp obtained at the end of step d) in
a first bleaching tower,

1) at the end of step e), aciditying the paper pulp and
keeping 1t 1n a second bleaching tower,

where the process has no step of washing the paper pulp
betore the end of step e).

11. The process according to claam 10, wherein during
step a), a Bronsted base 1s added to the paper pulp, this
Brensted base being chosen from the group comprising:
alkaline metal hydroxides, alkaline earth metal hydroxides,
alkaline; oxides metal oxides, alkaline earth metal oxides:
and their mixtures.

12. The process according to claim 10, wherein the paper
pulp at the end of step a) has a pH between 8 and 13.

13. The process according to claim 10, wherein a quantity
of active chlorine between 0.1% and 10%, by weight relative
to the weight of dry paper pulp, 1s introduced during step b).

14. The process according to claim 10, wherein step b) 1s
carried out at a temperature greater than 20° C.

15. The process according to claim 14, wherein step b) 1s
carried out at a temperature of between 25° C. and 90° C.

16. A process for bleaching unbleached or pre-bleached
paper pulp consisting of the following successive steps:

a) preparing an unbleached or pre-bleached paper pulp
with a pH greater than or equal to 8, wherein at least
one cellulose protective agent and a chelating and/or
sequestering agent are added during step a);

b) placing the paper pulp obtained at the end of step a) 1n
contact with chlorine dioxide:

10

15

20

25

30

16

¢) when the pH of the paper pulp at the end of step b) 1s
less than 10, add at least one Bransted base to the paper
pulp;

d) adding hydrogen peroxide to the paper pulp;

¢) keeping the paper pulp obtained at the end of step d) 1n
a first bleaching tower, wherein the process has no step
of washing the paper pulp before the end of step e).

17. The process according to claim 10, wherein during
step 1), the paper pulp 1s acidified with sulfuric acid to a pH
between 2 and 5.

18. The process according to claim 10, wherein during
step 1), the paper pulp 1s held 1n the second bleaching tower
for between 10 and 180 minutes at a temperature between
50° C. and 90° C.

19. A process for bleaching unbleached or pre-bleached
paper pulp consisting of the following successive steps:

a) preparing an unbleached or pre-bleached paper pulp
with a pH greater than 8, wherein at least one cellulose
protective agent and a chelating and/or sequestering
agent are added during step a;

b) placing the paper pulp obtained at the end of step a) 1n
contact with chlorine dioxide:

¢) when the pH of the paper pulp at the end of step b) 1s
less than 10, add at least one Brensted base to the paper
pulp;

d) adding hydrogen peroxide to the paper pulp;

¢) keeping the paper pulp obtained at the end of step d) 1n
a first bleaching tower;

1) at the end of step e), acidilying the paper pulp and
keeping 1t 1n a second bleaching tower, wherein the
process has no step of washing the paper pulp before
the end of step e).

G ex x = e
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